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The neural substrates of memory for when events occurred are not well described. One reason for this is that the paradigms used to date
have permitted isolation of only some of the relevantmemory processes. In this experiment, functionalmagnetic resonance imagingwas
used to identify for the first time brain regions that support two distinct bases upon which “when” judgments can be made. Seventeen
human participants (6 male) completed a continuous recognition memory task where the interval between presentation and re-
presentation of words varied between 5 and 25 interveningwords (the lag). The task on each trial was to distinguish repeatedwords from
those presented for the first time, and to indicate the lag for repeated words. The inferior parietal lobe showed greater activation for
shorter lag judgments, regardless of judgment accuracy. The lingual gyrus, by contrast, wasmore active for correct than for incorrect lag
judgments, regardless of the interval between first and second item presentations. Both of these regions have been linked in previous
work to the process of recollection, and the findings described here represent a novel neural dissociation across regions that deploy
mnemonic information in fundamentally different ways to support judgments about when events occurred.
Introduction
Episodic memory is considered to support memories for events
and the spatiotemporal contexts in which they occurred (Tulving,
1983). Episodic memory thus supports judgments about what
happened, as well as where and when events happened (Clayton
and Dickinson, 1998; Tulving, 2002). The focus here is on the
brain regions that underpin “when” judgments. The work is mo-
tivated by an influential cognitive account in which placing an
event accurately in time can be done by relying on distance-based
as well as location-based processes (Friedman, 1993, 1996, 2001).
Judgments associated with distance-based processes involve
an assessment of memory “strength” or “volume.” The key as-
sumption is that memory strength, and/or the number of details
that are recovered can be used heuristically tomake “when” judg-
ments: strong or detailedmemories signal events that are likely to
have occurred relatively recently (Hinrichs and Buschke, 1968;
Hinrichs, 1970). Location-based processes, by contrast, rely on
recovery of relevant contextual details that permit an event to be
located accurately in time: I know the event occurred on Friday
because I remember that Jim was there and he only works on
Fridays.
The definitions of these two classes of process generate pre-
dictions for how neural activity will differ if it underpins either
location- or distance-basedmeans ofmaking “when” judgments.
For distance-based processes, activity should increase as judg-
ments become more recent. For location-based processes, activ-
ity should be greater for correct than for incorrect judgments,
regardless of how long ago an event actually occurred.
These predictions have not, to our knowledge, been tested
using functional magnetic resonance imaging (fMRI) before.
Published fMRI studies of memory for when events occurred
have, for the most part, required forced-choice judgments be-
tween pairs of stimuli that were presented at different time points
in prior study phases (Zorrilla et al., 1996; Cabeza et al., 2000;
Konishi et al., 2002, 2006;Dobbins et al., 2003; Rajah andMcIntosh,
2006; Dudukovic andWagner, 2007; Kimura et al., 2010; Rajah et
al., 2010). These studies contain no reports of analyses that per-
mit a separation between neural activities that might underlie
distance- and location-based processes.
Isolating these two classes of process was possible in the ex-
periment described here, where participants completed a contin-
uous verbal recognition memory task in which critical words
were repeated after either 10 or 20 intervening words (hereafter
referred to as the lag). Participantsmade old/new judgments, and
then a lag judgment for words designated as old. There were five
lag judgment options: 5, 10, 15, 20, and 25. This design enables
the identification of brain regions supporting distance-based
processes, for which greater activity should accompany shorter
lag judgments, regardless of the accuracy of the judgment. For
regions supporting location-based processes, greater activity
should accompany correct lag judgments, regardless of the actual
lag of a test word.
Materials andMethods
Participants. Twenty healthy, right-handed, native English speakers took
part in the experiment, receiving payment of £15/h. Data from 17 par-
ticipants (6 males, mean age 23, range 19–35) are presented below.
One participant was excluded due to a technical error, and two due to
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excessive movement artifacts. Informed consent was obtained in a man-
ner approved by Cardiff University.
Materials. Stimuli were 237 low-frequency nouns obtained from the
MRC psycholinguistic database (4–9 letters; Kucera-Francis written fre-
quency, 1–7 per million; imageability range, 500–600; www.psy.uwa.
edu.au/mrcdatabase/uwa_mrc.htm).
Words were presented in two blocks, each containing 109 words. Of
these, 102 were repeated within the block. Forty-five were repeated after
ten intervening words and 45 after 20 intervening words. A further four
words were repeated after 5, 15, or 25 intervening words. An additional
seven words were shown only once toward the end of each block. A
further 19 words, 14 of which were repeated, were shown in an initial
practice session. In total, participants saw 455 stimulus presentations
(211 words per block, 33 in the practice session). Two different test lists
were constructed to counterbalance the lag (10 vs 20) at which the critical
test words were encountered. Word order in each list was determined
pseudo-randomly.
Procedure. Participants completed an initial practice session outside
the scanner. In the scanner, stimuli were displayed foveally in uppercase
white letters against a black background, subtending maximum visual
angles of 6.5° horizontally and 3.2° vertically. Stimuli were back-
projected onto a screen viewed by participants through a mirror incor-
porated into the head coil. E-Prime software (Psychological Software
Tool) was used for stimulus presentation and response logging. Re-
sponses were made on a magnetic resonance-compatible, five-button
response box placed under the right hand.
The scanning sessionwas divided into two runs, each lasting20min.
Individual trials were separated by a variable length interval duringwhich
amoving dot appeared on the screen (2000ms average duration, range
0–4000 ms). Participants were asked to fixate on the moving dot. This
task was included to minimize neural activity during rest (Stark and
Squire, 2001). Each trial (Fig. 1) began with a fixation cross () that was
shown for 750 ms and followed by a word (2000 ms) to which partici-
pants had to indicate the old/new status via key press. Following “new”
responses, a moving dot reappeared on the screen. For “old” responses, a
second screen with the prompt “How far back?” appeared for 2500 ms,
during which participants indicated whether the word had been repre-
sented after 5, 10, 15, 20, or 25 intervening words. A moving dot then
reappeared on the screen. Participants were asked to respond as quickly
and accurately as possible. Old/new responses were made with the right
index and middle fingers (balanced across participants). Lag judgments
were made with the same hand using all five keys on the response box,
which mapped recency judgments in either ascending or descending
order from the leftmost to the rightmost button.
Data acquisition. Data were collected on a 3T HDx GE scanner using
an eight-channel receiver-only head coil and a gradient-echo echoplanar
imaging (EPI) sequence [repetition time (TR)/echo time (TE) 3000/35
ms, field of view (FOV) 220 mm, 64 64 data matrix, parallel accel-
eration factor  2, 90° flip angle]. Forty-six oblique-axial slices were
acquired in an interleaved fashion, each 2.6 mm thick with zero slice gap
(3.4  3.4  2.6 mm voxels). Slices were acquired with a 20° axial-to-
coronal rotation relative to the anterior commissure-posterior commissure
line (anterior downward) and the phase-encoding direction reversed to
maximize coveragewhile reducing signal dropout in themedial temporal
lobe (Weiskopf et al., 2006). The first four volumes were discarded to
allow for signal T1 equilibrium. The same scanning protocol was used in
both sessions. Anatomical images were acquired with a T1-weighted 3D
FSPGR sequence [TR/TE/inversion time 7.8/3.0/450 ms, flip angle
20°, FOV  256  192  172 mm, 1 mm isotropic resolution, 8 min
acquisition time].
To minimize signal dropout in EPI data, high-order shimming was
used and magnetic-field (B0) maps were acquired to correct regional
image distortions caused by residual magnetic field inhomogeneities
(Jezzard and Balaban, 1995). B0 field maps were calculated from the
phase information from two 3D FSPGR images (TR 20ms, TE 7ms
and 9 ms, aligned coplanar with the fMRI slices). Phase images at each
TE were calculated and unwrapped before subtraction using Prelude
(Jenkinson, 2003). The resulting phase difference images were converted
to a fieldmap and image unwarpingwas performedusing FUGUE (www.
fmrib.ox.ac.uk/fsl/fugue/index.html).
Data preprocessing and analysis. Data preprocessing and analysis were
performed using the Oxford Centre for Functional Magnetic Resonance
Imaging of the Brain (FMRIB) Software Library (www.fmrib.ox.ac.uk/
fsl). Spatial smoothing was applied using a full-width half-maximum
Gaussian kernel of 5 mm. Preprocessing and analysis was performed
using FEAT (fMRI Expert Analysis Tool, version 5.63). To remove low-
frequency artifacts, each functional run was temporally filtered using a
high-pass cutoff of 60 s. For each EPI run, nonbrain data were removed
using the FMRIB Brain Extraction Tool (Jenkinson et al., 2002) and
motion correction was applied using 3-dimensional coregistration of
each image to themiddle image of the time series withmotion correction
using the FMRIBLinear ImageRegistrationTool (Jenkinson et al., 2002).
Registration of the functional data followed a two-stage process using
linear registration with the same FMRIB tool: each functional run was
first registered to a higher resolution T1-weighted FSPGR image (7 de-
grees of freedom), and then registered to the Montreal Neurological
Institute (MNI) 152 standard template anatomical image (12 degrees of
freedom).
The blood oxygenation level-dependent signal was modeled by con-
volving the predictor function of event timing with a standard model of
the hemodynamic response function for each condition (i.e., regressors).
These conditions were items attracting accurate “old” responses that
were then separated according to the subsequent lag judgment (see
above, Procedure). Comparisons of interest were tested using linear con-
trasts. Statistical analysis was first performed on participant’s individual
functional runs using the FMRIB Improved Linear Model. The second
step combined the two functional runs for each participant using a fixed-
effects model. For the third step, group-level analysis was performed
using the FMRIB Local Analysis of Mixed Effects tool (Beckmann et al.,
2003; Woolrich et al., 2004). Resulting Z statistic images were thresh-
olded using a cluster-forming threshold of Z 2.1, unless stated other-
wise, and a family-wise error corrected cluster extent threshold of p 0.05,
based on the theory of Gaussian random fields.
Figure 1. During scanning, words were presented and then re-presented after different
numbers of interveningwords (the lag). Participants indicated the old/new status of eachword
and, following an “old” response, made a lag judgment, estimating the number of words that
had intervened between presentation and re-presentation (5, 10, 15, 20, or 25 words).
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Regions of interest (ROIs) were defined by 10 mm spheres centered
around peak voxels that were revealed in the whole-brain analysis. Pa-
rameter estimates were extracted for each participant by averaging across
ROI voxels and analysis was performed using the FMRIB Featquery tool,
which applies the inverse of the transformationmatrix from individual to
standard space (generated during the initial registration) to warp the
ROIs back into each participant’s individual space for statistical analysis.
The motion-corrected, smoothed, and filtered data across each entire
ROI were probed for percentage signal change from baseline. ROIs were
moved into MNI space for regional localization.
Results
Behavioral data
The probability of a correct new judgment was 0.90 (SD 0.15)
and the probability of a correct old judgment was superior for lag
10 than for lag 20words (0.84 vs 0.79; t(16) 4.7, p 0.001).Only
data from lag 10 and lag 20 words are reported because of the
small number of filler words presented at lags 5, 15, and 25 (eight
per participant, see Materials and Methods, Procedure).
Table 1 shows the probabilities and reaction times for each lag
judgment for correctly identified old words that were repeated
after lags 10 and 20. Bold values highlight the probabilities of
correct lag judgments, which were above chance (0.20, both t(16)
4.0, p 0.001). The likelihood of correct lag 10 and 20 judgments
was statistically equivalent, and the likelihood of incorrect lag
judgments fell off with distance: lag 15 judgments were more
likely than lag 10 judgments to lag 20 words (t(16)  3.0, p 
0.01), and lag 15 judgments were more likely than lag 20 judg-
ment to lag 10 words (t(16)  4.9, p  0.001). A 5  2 ANOVA
contrasting the reaction times for each lag judgment to lag 10 and
20 words revealed no significant effects.
Imaging analyses
The analyses were restricted to words that were presented at lags
10 and 20 and that were judged correctly to be old. Two initial
whole-brain level analyses comprised contrasts between lag 10
and lag 15 judgments to lag 10 words. Although no brain region
was reliably more active for lag 15 than lag 10 judgments, a num-
ber of frontal, parietal, and occipital areas (Table 2) exhibited
greater activity for correct lag 10 than for incorrect (lag 15) judg-
ments to lag 10 words.
The pattern of activation in these regions is equally interpret-
able in terms of distance- or location-based processes, because
greater activation accompanies the shorter as well as the correct
lag judgment. The second set of analyses was designed to deter-
mine, via an orthogonal contrast, which regions behave in ways
that would align themwith distance- or location-based processes.
Parameter estimates for correct lag 20 and incorrect (lag 15)
judgments to lag 20 words were extracted from 10 mm spheres
that were centered around peak voxels taken from the clusters
identified in the contrast between lag 10 and lag 15 judgments to
lag 10 words (Table 2). Regions supporting distance-based pro-
cesses will track the lag judgment (greater activation for the lag 15
than the lag 20 response), whereas regions supporting location-
based processes will track accuracy [greater activation for the
correct (lag 20) than the incorrect (lag 15) response].
The network of regions shown in Table 2 contained two re-
gions that demonstrated reliable activation differences between
correct and incorrect judgments to lag 20 words. One region,
located in inferior parietal lobe (coordinates: 42, 52, 32),
showed significantly greater activation for lag 15 than for lag 20
judgments (t(16) 2.3, p 0.05). A second region, located in the
lingual gyrus (2,82, 10), showed the opposite pattern: greater
activity for correct (lag 20) than for incorrect (lag 15) judgments
to lag 20 words (t(16) 2.2, p 0.05).
In keeping with this set of outcomes, as well as the impression
given in Figure 2, a 2  2 ANOVA on extracted parameter esti-
mates for lag 20 words, including the factors of region (inferior
parietal lobe vs lingual gyrus) and accuracy (correct vs incorrect),
revealed a reliable interaction (F(1,16) 13.0, p 0.01). In a final
set of analyses, parameter estimates did not differ in either region
for incorrect (lag 15) judgments to lag 10 or lag 20 words. More-
over, as suggested by Figure 2, activation was greater for correct
lag l0 than for correct lag 20 words (t(16)  3.0, p  0.01) in
inferior parietal lobe, but not in the lingual gyrus.
For regions shown in Table 2 that did not respond differen-
tially to lag 15 and lag 20 judgments to lag 20 words, the predom-
inant pattern in the extracted parameter estimates was a level of
activation that was equivalent for three conditions: correct judg-
ments to lag 20 words, incorrect judgments to lag 20 words, and
incorrect judgments to lag 10 words, all of which had lower levels
of activation than correct judgments to lag 10words. This pattern
is shown for one region—the inferior frontal gyrus—on the
right-hand side of Figure 2. The extracted parameter estimates for
a further four regions are shown in the supplemental Figure
(available at www.jneurosci.org as supplemental material).
Discussion
Two brain regions associated with functionally distinct memory
operations were identified during a task requiring judgments of
how recently events had occurred. In the inferior parietal lobe,
activity increased as the lag judgments became more recent. In
lingual gyrus, by contrast, there was greater activity for correct
than for incorrect lag judgments at two different lags. These find-
ings provide strong support for the separation between location-
and distance-based means of making judgments concerning
when events occurred (Fig. 2). In addition, previous studies have
linked activity in both of these regions to the process of recollec-
tion (Gilboa et al., 2004; Wheeler and Buckner, 2004; Wagner et
al., 2005; Woodruff et al., 2005; Viard et al., 2007; Vilberg and
Rugg, 2008; Spaniol et al., 2009), which is recovery of qualitative
information about a prior occurrence (Mandler, 1980; Yonelinas,
2002). The findings suggest, therefore, that recollected content is
used in at least twoways to support judgments aboutwhen events
occurred.
The fact that activity in the inferior parietal lobe tracked the
lag judgment rather than the actual lag (10 or 20) suggests that
this region supports distance-based processes (Fig. 2, left). The
key outcomes supporting this claim are as follows: (1) activity is
greater for correct lag 10 than lag 20 judgments, (2) incorrect (lag
15) judgments to lag 10 as well as lag 20 words are associated with
equivalent levels of activity, and (3) this level of activity falls between
that associated with correct lag 10 and lag 20 judgments.
Table 1. Probabilities for each lag judgment following correct old responses to
words re-presented after 10 or 20 intervening words. Also shown are reaction
times for the correct old judgments
Judgment
Actual lag
Lag 10 Lag 20
Response probability RT (ms) Response probability RT (ms)
Lag 5 0.17 (0.10) 552.24 (24.64) 0.04 (0.03) 653.37 (61.79)
Lag 10 0.28 (0.09) 638.19 (44.62) 0.18 (0.09) 699.12 (51.29)
Lag 15 0.29 (0.07) 626.12 (39.72) 0.30 (0.08) 654.51 (48.59)
Lag 20 0.21 (0.11) 616.04 (41.31) 0.32 (0.10) 568.73 (30.66)
Lag 25 0.06 (0.06) 527.34 (58.79) 0.17 (0.08) 545.24 (34.20)
Probabilities of correct lag judgments are in bold; SDs are in parentheses. RT, Reaction time.
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Activity in this region of the inferior parietal lobe has been
linked with recollection in numerous experiments (Rugg and
Henson, 2002; Wheeler and Buckner, 2004; Wagner et al., 2005;
Yonelinas et al., 2005; Vilberg and Rugg, 2008) and has been
shown to index the volume or quality of information that is recov-
ered (Vilberg and Rugg, 2007, 2009; Donaldson et al., 2010).
These findings converge on the view that recollected content can
be used heuristically to make judgments about when events oc-
curred. This finding is important because it emphasizes that
the separation between distance- and location-based processes
does not have a one-to-one mapping with the processes of famil-
iarity and recollection. Familiarity is commonly regarded as a
graded strength signal that decays over time (Yonelinas, 2002),
and these characteristics makes it a strong candidate for an infor-
mation type that can support distance-based judgments. The
link, however, between inferior parietal lobe and recollection
means that the findings described here also align recollection
with a distance-based means of making judgments about when
events occurred.
A similar claim was made by Grove and Wilding (2009), who
acquired event-related potentials (ERPs) in a task similar to that
described here. They reported that the magnitude of an ERP in-
Figure 2. Regions showing differences between blood oxygenation level-dependent activity for correct (lag 10) and incorrect (lag 15) judgments for lag 10words. Parameter estimates for these
response categories, aswell as for correct (lag 20) and incorrect (lag 15) judgments to lag 20wordswere extracted from10mmspheres centered aroundpeak voxels in the inferior parietal lobe (left),
the lingual gyrus (middle), and the inferior frontal gyrus (right). The activation profiles for the inferior parietal lobe and the lingual gyrus link these regionswith distance- and location-basedmeans
of supporting lag judgments, respectively. Modulations in inferior frontal gyrus predict the accuracy of lag judgments for lag 10 words only.
Table 2. Activation peaks for regions showing significantly greater activity for correct lag 10 judgments than for incorrect lag 15 judgments to lag 10 words
Anatomical label Hemisphere Approximate BA Voxel Zmax
MNI coordinates
x y z
Occipital lobe
Lingual/fusiform gyrus L BA 18/17 3165 3.38 12 76 2
Lingual gyrus L 3.25 12 84 8
Lingual gyrus/intracalcarine cortex L 3.20 8 84 6
Lingual gyrus supracalcarine cortex L 3.12 2 82 10
Precuneus R 3.19 16 62 42
Parietal lobe
Angular gyrus L BA 40 1047 3.03 48 56 50
Inferior parietal lobe L 3.00 42 52 32
Angular/supramarginal gyrus L 2.91 48 46 52
Lateral occipital cortex L 2.85 32 60 46
Frontal lobe
Inferior frontal gyrus R BA 6/45 1153 3.32 54 22 24
Superior/middle frontal gyrus R 2.98 32 22 54
Inferior/middle frontal gyrus R 2.93 46 18 28
Precentral/middle frontal gyrus L BA 6/44 1103 3.33 50 6 40
Middle frontal gyrus L 3.02 38 28 24
Inferior/middle frontal gyrus L 2.96 46 12 32
BA, Brodmann area.
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dex of recollection—the left parietal old/new effect—tracked the
lag judgment rather than the actual lag. This finding is consistent
with the behavior of the inferior parietal lobe in the experiment
described here and provides further support for the view that
recollected content is used in a distance-basedmanner to support
recency judgments. Moreover, the inferior parietal lobe has been
identified as a brain region that may generate the left parietal
old/new effect (Vilberg and Rugg, 2007).
Grove andWilding (2009) also reported that an ERP index of
familiarity—the mid-frontal old/new effect—tracked the lag
judgment that was made, a finding consistent with the view that
familiarity can also support “when” judgments in a distance-
based manner. This ERP finding begs the question, why were
brain regions previously linked to familiarity (Rugg and Henson,
2002), not identified via the key contrasts in this experiment?One
possibility is that ERPs provide a more sensitive index of famil-
iarity than fMRI, although it should be noted that the lag intervals
in this study were not the same as in the study reported by Grove
and Wilding (2009). Also of relevance is behavioral work by
Hintzman (2001), who used a very similar paradigm to that de-
scribed here, the principal difference being that participants
made “remember”/“know” judgments as well as lag judgments.
With repetition lags below 40 intervening items, accurate lag
judgments were accompanied primarily by “remember” re-
sponses. The reverse was true at longer lags (up to 80 intervening
items). In so far as “know” judgments are linked to the process of
familiarity, these findings suggest that regions supporting
familiarity-based memory judgments might well be identified
using fMRI in tasks with longer lags between first and second
item presentations than were used here. In addition, given that
this paradigm has not been used in fMRI studies before, the anal-
yses were conducted at the whole-brain level. It may well be that
a priori selection of regions that have been linked to the processes
of recollection and familiarity (notably within themedial tempo-
ral lobe) will yield additional insights into the ways in which
different neural substrates support lag judgments.
The fact that activity in the lingual gyrus predicted the accu-
racy of recency judgments for lag 10 as well as for lag 20 words
links this region to location-based means of making task judg-
ments (Fig. 2, middle). Activity in this region has been reported
for successful recollection in some studies of autobiographical
memory (Gilboa et al., 2004; Viard et al., 2007), and in one of
these the level of activity in lingual gyrus was equivalent for re-
mote and for recent memories (Gilboa et al., 2004). This finding
parallels, albeit over different time scales, the equivalent levels of
activation that were observed in this study for correct judgments
at short (lag 10) and at longer lags (lag 20).
Gilboa et al. (2004) proposed, however, that the lingual gyrus
activation they observed was a consequence of their use of com-
plex photographic stimuli, and in keeping with this account,
Woodruff et al. (2005) reported greater activity in lingual gyrus
when information about studied pictures rather than studied
words was recollected. One way to accommodate these findings
with the lingual gyrus activation and the use of verbal stimuli in
the current experiment is to propose that: (1) memories for asso-
ciations that are formed between proximal list items upon initial
presentation can contribute to location-based lag judgments, (2)
the images that are generated by list words are one kind of content
that can promote the formation of these associations, and (3)
lingual gyrus activation in this study is linked to recovery of
image-related content. This is a tentative proposal, but it is also
notable that the greater activation for recollected pictures than
for recollected words reported by Woodruff et al. (2005) oc-
curred in a task where all test stimuli were words. Thus, the lin-
gual gyrus activation they ascribed to recollection of pictures
presumably reflects image content that is accessed via verbal ma-
terials. This account is conceptually similar to the proposal we
have made for the link between recovery of image-related infor-
mation and the kinds of content that can encourage formation of
associations between proximal list items.
Finally, a number of regions in prefrontal cortex that were
identified in the initial contrast between correct (lag 10) and
incorrect (lag 15) judgments to lag 10 words did not show acti-
vation differences for the orthogonal contrast between incorrect
(lag 15) and correct (lag 20) judgments to lag 20 words. The
common pattern across these regions (greater activation for cor-
rect lag 10 judgments than the other three response categories) is
illustrated in Figure 2, right, and in the supplemental Results
(available at www.jneurosci.org as supplementalmaterial). Using
ERPs in a somewhat different paradigm to the one used here,
Curran and Friedman (2003) linked frontally distributed right-
lateralized scalp activity to location-based rather than distance-
based processes, arguing that processes supported by the
prefrontal cortex that are involved in the reconstruction of prior
episodes would be required to a greater degree for location- than
for distance-based recency judgments. It is not possible to make
the same claim for the data in this experiment, because regions
that predict the accuracy of lag judgments at a single lag only
cannot be aligned unambiguously with either distance- or
location-based processes. Moreover, the possibility remains that
other kinds of task-relevant cognitive operations are reflected by
activity in these regions. For example, the inferior frontal gyrus
has been linked to cognitive control operations, including the
selection of task-relevant material (Dobbins et al., 2002; Simons
and Spiers, 2003; Ranganath and Blumenfeld, 2008). A greater
selection demand may arise for items associated with a larger
amount of recovered information, which in this case is most
likely to be lag 10words attracting correct lag judgments. Regard-
less of the accuracy of this account, however, the activation pat-
tern for the middle, inferior, and superior frontal gyri is
consistent with behavioral (Hintzman, 2001) as well as fMRI data
(Konishi et al., 2002, 2006; St Jacques et al., 2008), suggesting that
the processes contributing to judgments about when events oc-
curred are not engaged equivalently across all time intervals.
Conclusions
The lingual gyrus and inferior parietal lobe play distinct func-
tional roles in tasks requiring judgments about relative recency.
These regions support location- and distance-based processes,
respectively. These findings are the first fMRI data showing that
recollected information is used in two fundamentally different
ways to make judgments about when events occurred.
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